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TRANSLATING DECLARATIVE MODELS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

NFA. 

BACKGROUND 

Background and Relevant Art 

Computer systems and related technology affect many 
aspects of Society. Indeed, the computer systems ability to 
process information has transformed the way we live and 
work. Computer systems now commonly perform a host of 
tasks (e.g., word processing, scheduling, accounting, etc.) 
that prior to the advent of the computer system were per 
formed manually. More recently, computer systems have 
been coupled to one another and to other electronic devices to 
form both wired and wireless computer networks over which 
the computer systems and other electronic devices can trans 
fer electronic data. Accordingly, the performance of many 
computing tasks are distributed across a number of different 
computer systems and/or a number of different computing 
components. 
As computerized systems have increased in popularity, so 

have the complexity of the software and hardware employed 
within Such systems. In general, the need for seemingly more 
complex Software continues to grow, which further tends to 
be one of the forces that push greater development of hard 
ware. For example, if application programs require too much 
of a given hardware system, the hardware system can operate 
inefficiently, or otherwise be unable to process the application 
program at all. Recent trends in application program devel 
opment, however, have removed many of these types of hard 
ware constraints at least in part using distributed application 
programs. In general, distributed application programs com 
prise components that are executed over several different 
hardware components, often on different computer systems 
in a tiered environment. 

With distributed application programs, the different com 
puter systems may communicate various processing results to 
each other over a network. Along these lines, an organization 
will employ a distributed application server to manage several 
different distributed application programs over many differ 
ent computer systems. For example, a user might employ one 
distributed application server to manage the operations of an 
ecommerce application program that is executed on one set of 
different computer systems. The user might also use the dis 
tributed application server to manage execution of customer 
management application programs on the same or even a 
different set of computer systems. 
Of course, each corresponding distributed application 

managed through the distributed application server can, in 
turn, have several different modules and components that are 
executed on still other different (and potentially differently 
configured) computer systems over different (and potentially 
differently configured) network connections. Thus, while this 
ability to combine processing power through several different 
computer systems can be an advantage, there are various 
complexities associated with distributing application pro 
gram modules. 

For example, conventional distributed application program 
servers are generally not configured for efficient Scalability. 
That is, most distributed application servers are configured to 
manage precise instructions of the given distributed applica 
tion program, Such as precise reference and/or component 
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2 
addressing schemes. As such, there is typically a relatively 
tight coupling between components of an application pro 
gram. Thus, when an administrator desires to redeploy certain 
modules or components onto another server or set of com 
puter systems, there is always some (and potentially a signifi 
cant) possibility of redeployment causing errors to occur 
(e.g., due to differences in network protocols, system con 
figurations, etc.) These errors can result when messages are 
not passed onward everywhere they are needed, or if they are 
passed onward incorrectly. 

BRIEF SUMMARY 

The present invention extends to methods, systems, and 
computer program products for translating declarative mod 
els. A computer system includes one or more drivers. Each 
driver is configured to process models for a specified combi 
nation of different technologies. The computer system also 
includes one or more translators. Each translator is configured 
to process model elements representing objects within a 
specified technology from among the plurality of different 
technologies. 

In some embodiments, the computer system receives a 
declarative model along with a command. The declarative 
model and the command collectively indicate intent to imple 
ment the command for an application based on the received 
declarative model. The computer system identifies a driver 
that is configured to process declarative models correspond 
ing to the combination of technologies indicated in the 
received declarative model. The computer system forwards 
the received declarative model and the command to the iden 
tified driver. The identified driverparses the received declara 
tive model to identify model elements and their relationship 
to one another. 

For each identified model element, the computer system 
identifies a translator configured to translate model elements 
for the specified technology corresponding to the identified 
model element. For each identified model element, the com 
puter system sends the model element to the identified trans 
lator. For each identified model element, the computer system 
receives a sequence of actions that are to be performed within 
the specified technology to partially implement the command 
for the application. The received sequence of actions is a 
subset of the total actions that are to be performed to fully 
implement the command. 
The computer system assembles the received sequences of 

actions for the model elements identified in the declarative 
model into an execution plan. The received sequence of 
actions is assembled into the execution plan in a designated 
order with respect to sequences of actions received for other 
model elements. The designated order is based on the model 
element's relationship to other model elements in the 
received declarative model. The computer system executes 
the execution plan to implement the command for the appli 
cation. Execution of the execution plan includes executing the 
sequences of actions received for each model element in the 
designated order. 

In other embodiments, current and prior execution plans 
for an application are compared. The results of the compari 
son are used to derive a new execution plan. Derivation of a 
new execution plan can include adding, deleting, updating, 
and reversing actions from the prior execution plan based 
actions being included or not included in the current execu 
tion plan. 

This Summary is provided to introduce a selection of con 
cepts in a simplified form that are further described below in 
the Detailed Description. This Summary is not intended to 
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identify key features or essential features of the claimed sub 
ject matter, nor is it intended to be used as an aid in determin 
ing the scope of the claimed Subject matter. 

Additional features and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from the description, or may be learned by the prac 
tice of the invention. The features and advantages of the 
invention may be realized and obtained by means of the 
instruments and combinations particularly pointed out in the 
appended claims. These and other features of the present 
invention will become more fully apparent from the following 
description and appended claims, or may be learned by the 
practice of the invention as set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to describe the manner in which the above-recited 
and other advantages and features of the invention can be 
obtained, a more particular description of the invention 
briefly described above will be rendered by reference to spe 
cific embodiments thereof which are illustrated in the 
appended drawings. Understanding that these drawings 
depict only typical embodiments of the invention and are not 
therefore to be considered to be limiting of its scope, the 
invention will be described and explained with additional 
specificity and detail through the use of the accompanying 
drawings in which: 

FIG. 1 illustrates an example computer architecture that 
facilitates translating declarative models. 

FIGS. 2A-2B illustrate different views of a more detailed 
computer architecture for translating declarative application 
models. 

FIG. 3 illustrates a further expanded view of a computer 
architecture for translating declarative application models. 

FIG. 4 illustrates a flow chart of an example method for 
translating a model to implement a received command. 

FIG.5 illustrates an example of a computer architecture for 
translating declarative application models to update an appli 
cation. 

FIG. 6 illustrates examples of update actions for updating 
application. 

FIG. 7 illustrates a flow chart of an example method for 
translating models to implement an update command. 

DETAILED DESCRIPTION 

The present invention extends to methods, systems, and 
computer program products for translating declarative mod 
els. A computer system includes one or more drivers. Each 
driver is configured to process models for a specified combi 
nation of different technologies. The computer system also 
includes one or more translators. Each translatoris configured 
to process model elements representing objects within a 
specified technology from among the plurality of different 
technologies. 

In some embodiments, the computer system receives a 
declarative model along with a command. The declarative 
model and the command collectively indicate intent to imple 
ment the command for an application based on the received 
declarative model. The computer system identifies a driver 
that is configured to process declarative models correspond 
ing to the combination of technologies indicated in the 
received declarative model. The computer system forwards 
the received declarative model and the command to the iden 
tified driver. The identified driverparses the received declara 
tive model to identify model elements and their relationship 
to one another. 
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4 
For each identified model element, the computer system 

identifies a translator configured to translate model elements 
for the specified technology corresponding to the identified 
model element. For each identified model element, the com 
puter system sends the model element to the identified trans 
lator. For each identified model element, the computer system 
receives a sequence of actions that are to be performed within 
the specified technology to partially implement the command 
for the application. The received sequence of actions is a 
subset of the total actions that are to be performed to fully 
implement the command. 
The computer system assembles the received sequences of 

actions for the model elements identified in the declarative 
model into an execution plan. The received sequence of 
actions is assembled into the execution plan in a designated 
order with respect to sequences of actions received for other 
model elements. The designated order is based on the model 
element's relationship to other model elements in the 
received declarative model. The computer system executes 
the execution plan to implement the command for the appli 
cation. Execution of the execution plan includes executing the 
sequences of actions received for each model element in the 
designated order. 

In other embodiments, current and prior execution plans 
for an application are compared. The results of the compari 
son are used to derive a new execution plan. Derivation of a 
new execution plan can include adding, deleting, updating, 
and reversing actions from the prior execution plan based 
actions being included or not included in the current execu 
tion plan. 

Embodiments of the present invention may comprise or 
utilize a special purpose or general-purpose computer includ 
ing computer hardware, as discussed in greater detail below. 
Embodiments within the scope of the present invention also 
include physical and other computer-readable media for car 
rying or storing computer-executable instructions and/or data 
structures. Such computer-readable media can be any avail 
able media that can be accessed by a general purpose or 
special purpose computer system. Computer-readable media 
that store computer-executable instructions are physical Stor 
age media. Computer-readable media that carry computer 
executable instructions are transmission media. Thus, by way 
of example, and not limitation, embodiments of the invention 
can comprise at least two distinctly different kinds of com 
puter-readable media: physical storage media and transmis 
sion media. 

Physical storage media includes RAM, ROM, EEPROM, 
CD-ROM or other optical disk storage, magnetic disk storage 
or other magnetic storage devices, or any other medium 
which can be used to store desired program code means in the 
form of computer-executable instructions or data structures 
and which can be accessed by a general purpose or special 
purpose computer. 
A "network” is defined as one or more data links that 

enable the transport of electronic data between computer 
systems and/or modules and/or other electronic devices. 
When information is transferred or provided over a network 
or another communications connection (either hardwired, 
wireless, or a combination of hardwired or wireless) to a 
computer, the computer properly views the connection as a 
transmission medium. Transmissions media can include a 
network and/or data links which can be used to carry or 
desired program code means in the form of computer-execut 
able instructions or data structures and which can be accessed 
by a general purpose or special purpose computer. Combina 
tions of the above should also be included within the scope of 
computer-readable media. 
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Further, it should be understood, that upon reaching vari 
ous computer system components, program code means in 
the form of computer-executable instructions or data struc 
tures can be transferred automatically from transmission 
media to physical storage media. For example, computer 
executable instructions or data structures received over a net 
work or data link can be buffered in RAM within a network 
interface module (e.g., a “NIC), and then eventually trans 
ferred to computer system RAM and/or to less volatile physi 
cal storage media at a computer system. Thus, it should be 
understood that physical storage media can be included in 
computer system components that also (or even primarily) 
utilize transmission media. 

Computer-executable instructions comprise, for example, 
instructions and data which cause a general purpose com 
puter, special purpose computer, or special purpose process 
ing device to perform a certain function or group of functions. 
The computer executable instructions may be, for example, 
binaries, intermediate format instructions such as assembly 
language, or even source code. Although the Subject matter 
has been described in language specific to structural features 
and/or methodological acts, it is to be understood that the 
Subject matter defined in the appended claims is not neces 
sarily limited to the described features or acts described 
above. Rather, the described features and acts are disclosed as 
example forms of implementing the claims. 

Those skilled in the art will appreciate that the invention 
may be practiced in network computing environments with 
many types of computer system configurations, including, 
personal computers, desktop computers, laptop computers, 
message processors, hand-held devices, multi-processor sys 
tems, microprocessor-based or programmable consumer 
electronics, network PCs, minicomputers, mainframe com 
puters, mobile telephones, PDAs, pagers, routers, Switches, 
and the like. The invention may also be practiced in distrib 
uted System environments where local and remote computer 
systems, which are linked (either by hardwired data links, 
wireless data links, or by a combination of hardwired and 
wireless data links) through a network, both perform tasks. In 
a distributed system environment, program modules may be 
located in both local and remote memory storage devices. 

FIG. 1 illustrates an example computer architecture 100 
that facilitates translating declarative models. As depicted in 
FIG.1, computerarchitecture 100 includes translation system 
101 and environment 105. Environment 105 further includes 
a plurality of resources, such as, for example, resources 105A, 
105E, and 105C, that are accessible to translation system 101. 
As further depicted, translation system 101 receives declara 
tive model 102 and command 103. Translation system 101 
translates declarative model 102 in view of command 103 
resulting in the performance of actions 104A, 104B, and 
104C within environment 105. 

Generally, a model is data that describes a Subject such as 
an application module (e.g., a distributable component of a 
distributed application). Accordingly, declarative model 102 
can describe one or more application modules that are con 
nected or related to each other. Each module can be further 
composed of one or more resources that can also be related to 
each other. Thus, elements of declarative model 102 can be 
used to describe related application modules and resources 
representing at least a portion of a distributed application. For 
example, declarative model 102 can describe a module of a 
Web Service that is composed of resources (e.g., files), arti 
facts (e.g., IIS virtual directories that have to be created to 
host the Web Service), and configuration information. 

Generally, a command represents an operation to be per 
formed on a model. A command can represent virtually any 
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6 
operation, such as, for example, deploy, undeploy, start, stop, 
update, monitor, etc., that can be performed on a model. 
Accordingly, command 103 can represent an operation that is 
to be performed on declarative model 102. 
A model along with a command can be utilized to represent 

intent. The represented intent can be a user intent or auto 
mated intent. For example, declarative model 102 along with 
command 103 can represent a user intent to “deploy my Web 
Service”, “start execution of my Web Service', etc. 

Thus, in response to receiving declarative model 102 and 
command 103, translation system 101 can process model 102 
and command 103 to realize the represented intent. Realizing 
the represented intent can include performing one or more 
actions, such as, for example, actions 104A, 104B, 104C, etc. 
to the resources of environment 105. For example, in order to 
deploy a user's Web Service, the translation system 101 can 
copy files to resource 105B, create artifacts on resource 105A, 
such as, for example, create a directory on a Web Server and 
create or alter resource 105C (e.g., configuration files) 
required by the Web Service. 

FIG. 2A illustrates an example computer architecture 200 
that facilitates translating declarative application models. 
Depicted in computer architecture 200 are tools 225, reposi 
tory 220, executive module 215, driver manager 230, and 
analytics module 210. Each of the depicted components can 
be connected to one another over a network, such as, for 
example, a Local Area Network (“LAN”), a Wide Area Net 
work (“WAN'), and even the Internet. Accordingly, each of 
the depicted components as well as any other connected com 
ponents, can create message related data and exchange mes 
sage related data (e.g., Internet Protocol (“IP) datagrams and 
other higher layer protocols that utilize IP datagrams, such as, 
Transmission Control Protocol (“TCP”), Hypertext Transfer 
Protocol (“HTTP"), Simple Mail Transfer Protocol 
(“SMTP), etc.) over the network. 
As depicted, tools 225 can be used to write declarative 

models for applications and stored in repository 220. Such as, 
for example, declarative application model 253, in repository 
220. Declarative models are used to determine the structure 
and behavior of real-world running (deployed) applications. 
A declarative model is also used to determine what events are 
reported (emitted) from an application that is deployed based 
on the declarative model. Thus, a user (e.g., distributed appli 
cation program developer) can use one or more of tools 225 to 
create declarative model 253. A declarative model can 
include a plurality of interrelated model elements that declare 
how an application is to be configured and executed. 

Generally, declarative models include one or more sets of 
high-level declarations expressing application intent for a 
distributed application. Thus, the high-level declarationsgen 
erally describe operations and/or behaviors of one or more 
modules in the distributed application program. However, the 
high-level declarations do not necessarily describe imple 
mentation steps required to deploy a distributed application 
having the particular operations/behaviors (although they can 
if appropriate). For example, a declarative application model 
253 can express the generalized intent of a workflow, includ 
ing, for example, that a first and a second Web service be 
connected to one another. However, declarative application 
model 153 does not necessarily describe how (e.g., protocol), 
nor where (e.g., URI endpoint), the first and second Web 
service are to be connected to one another. The specific details 
of how and where two Web services are connected may be 
determined based on where the Web services are deployed 
(e.g. specific machines and specific Web server configura 
tions). 
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Application control for applications based on declarative 
application models can be realized in response to receiving 
commands to perform operations on declarative application 
models. For example, input (e.g., user-initiated input or auto 
mated input) can be received by the executive module 215. 
Input is received from tools 225 or from a computer program 
at (e.g., a user-interface or a programmatic interface). Input 
can include a reference to a model (e.g., filename, URL, etc.) 
and a command. The command represents an operation (e.g., 
deploy, undeploy, start, stop, update, etc.) that is to be per 
formed on the referenced model. 

To perform a requested operation on an application 
described by a declarative model, the declarative application 
model is sent to executive module 215. Executive module 215 
can refine the declarative application model until there are no 
ambiguities and the details are sufficient for drivers to con 
Sume. Thus, executive module 215 can receive and refine 
declarative application model 253 so that declarative appli 
cation model 253 can be translated by drivers residing inside 
driver managers 230 into a deployed, real-world application. 

In general, “refining a declarative model can include some 
type of work breakdown structure, such as, for example, 
progressive elaboration, so that the declarative model instruc 
tions are sufficiently complete for translation by drivers or 
driver manager 230. Since declarative models can be written 
relatively loosely by a human user (i.e., containing general 
ized intent instructions or requests), there may be different 
degrees or extents to which executive module 215 modifies or 
Supplements a declarative model for deploying an applica 
tion. Work breakdown module 216 can implement a weak 
breakdown structure algorithm, such as, for example, a pro 
gressive elaboration algorithm, to determine when an appro 
priate granularly has been reached and instructions are suffi 
cient for drivers residing in the driver manager 230. 

Executive module 215 can also account for dependencies 
and constraints included in a declarative model. For example, 
executive module 215 can be configured to refine declarative 
application model 253 based on semantics of dependencies 
between elements in the declarative application model 253 
(e.g., one web service connected to another). Thus, executive 
module 215 and work breakdown module 216 can interoper 
ate to output detailed application model 253D that provides 
drivers residing in the driver manager 230 with sufficient 
information to deploy distributed application 207. 

In addition, executive module 215 can be configured to fill 
in missing data regarding computer system assignments. For 
example, executive module 215 might identify a number of 
different modules in declarative model 253 that have no 
requirement for specific computer system addresses or oper 
ating requirements. Thus, executive module 215 can assign 
distributed application program modules to an available com 
puter system. Executive module 215 can reason about the best 
way to fill in data in a refined declarative application model 
253. For example, as previously described, executive compo 
nent 215 may determine and decide which transport to use for 
a Web service based on proximity of connection, or determine 
and decide how to allocate distributed application program 
modules based on factors appropriate for handling expected 
spikes in demand. Executive module 215 can then record 
missing data in detailed application model 253D (or segment 
thereof). The detailed application model may also be saved in 
the repository 220. 

In addition or alternative embodiments, executive module 
215 can be configured to compute dependent data in the 
declarative application model 253. For example, executive 
module 215 can compute dependent databased on an assign 
ment of distributed application program modules to 
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8 
machines. Thus, executive module 215 can calculate URI 
addresses on the endpoints, and propagate the corresponding 
URI addresses from provider endpoints to consumer end 
points. In addition, executive module 215 may evaluate con 
straints in the declarative application model 253. For 
example, the executive component 215 can be configured to 
check to see if two distributed application program modules 
can actually be assigned to the same machine, and if not, 
executive module 215 can refine detailed application model 
253D to accommodate this requirement. 

After adding all appropriate data (or otherwise modifying/ 
refining) to declarative application model 253 (to create 
detailed application model 253D), executive component 215 
can finalize the refined detailed application model 253D so 
that it can be translated by platform-specific drivers residing 
in driver manager 230. To finalize or complete the detailed 
application model 253D, executive module 215 can, for 
example, partition a declarative application model into seg 
ments that can be targeted to any one or more platform 
specific drivers. Thus, executive module 215 can tag each 
declarative application model (or segment thereof) with its 
target driver (e.g., the address/ID of a platform-specific driver 
residing in driver manager 230). Furthermore, executive 
module 215 can verify that a detailed application model (e.g., 
253D) can actually be translated by drivers residing in driver 
manager 230, and, if so, pass the detailed application model 
(or segment thereof) to driver manager 230 for dispatching to 
appropriate drivers for translation. 

In any event, driver manager 230 interoperates with one or 
more drivers and translators to translate detailed application 
module 253D into one or more (e.g., platform-specific) 
actions 233. As depicted in FIG. 2A, actions 233 can be used 
to realize the intent of the operation represented in model 
command 226 for distributed application 207. 

During deployment, distributed application programs can 
provide operational information about execution. For 
example, during execution distributed application 207 can 
emit event stream 237 indicative of events (e.g. execution or 
performance issues) that have occurred at distributed appli 
cation 207. In one implementation, distributed application 
207 sends out event stream 237 on a continuous, ongoing 
basis, while, in other implementations, distributed applica 
tion 207 sends event stream 237 on a scheduled basis (e.g., 
based on a schedule setup by the platform-specific driver 
residing in driver manager 230). Driver manager 230, in turn, 
passes event stream 237 to analytics module 210 for analysis, 
tuning, and/or other appropriate modifications. The events 
emitted in event stream 237 are defined in declarative appli 
cation model 253. 

Generally, analytics module 210 aggregates, correlates, 
and otherwise filters data from event stream 237 based on 
declarative observation models (e.g., observation model 276) 
stored in the repository 220 along with declarative application 
models 253 to identify interesting trends and behaviors of 
distributed application 207. Analytics module 210 can also 
automatically adjust the intent of declarative application 
model 253 as appropriate, based on identified trends. For 
example, analytics module 210 can send model modifications 
238 to repository 220 to adjust the intent of declarative model 
253. An adjusted intent, for example, can reduce the number 
of messages processed per second at a computer system if the 
computer system is running low on system memory, redeploy 
distributed application 207 on another machine if the cur 
rently assigned machine is rebooting too frequently, etc. 
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FIG. 2B depicts a more detailed view of components that 
can be included in driver manager 230. As depicted in FIG. 
2B, driver manager 230 includes type locator 241, driver 342, 
and translator 261. 

Type locator 241 is a lookup mechanism that maps models 
and model elements to corresponding drivers and translators 
that can process them. 

Driver 242 is configured to receive and process a model and 
a command. Driver 242 is configured for use with a list of 
commands it understands and a set of technology models that 
is supports. For example, driver 242 may be a WCF-IIS driver 
capable of translating a Web Service Module Model that 
describes a Web Service implemented using Microsoft(R) 
Windows Communication Foundation (WCF) and to be 
hosted on Microsoft(R) Internet Information Server (“IIS). 
As depicted, driver 242 includes model interpreter 243 that 

produces execution plan 244. Model interpreter 243 is con 
figured to parse a received model and generate a correspond 
ing execution plan (e.g., execution plan 244). To generate an 
execution plan from a received model, model interpreter 243 
can identify a models constituent model elements and their 
relationships to one another. Model interpreter 243 can then 
call corresponding model element interpreters to retrieve a 
sequence of actions for each model element. Model inter 
preter 243 combines the sequence of actions for each model 
element into a single sequence of actions for inclusion in an 
execution plan. 

Thus, for example, execution plan 244, is a sequenced set 
of actions that can be executed to perform an operation on a 
model. Execution plan 244 also provides an execution context 
containing model information that can be used by the actions 
during their execution. The context is also used by the actions 
to pass on information required by other actions during 
execution. 

Translator 261 is a package of a set of related actions and a 
model element interpreter. Translator 261 bundles together 
procedures that have an affinity towards a specific technology. 
For example, an OSConfig Translator would have a set of 
actions that can process operating system artifacts such as 
files and folders. The actions could be create, copy, move, 
delete and so on. 
As depicted, translator 261 includes model element inter 

preter 262 and actions 263A, 263B, and 263C. Model element 
interpreter 262 is configured to parse model elements and 
assembles a sequence of actions that can be executed to 
operate on whatever is represented by the model element. 

Actions 263A, 263B, and 263C represent executable pro 
cedures that operate based on a single model element. For 
example, a CopyFile action can copy a given file to a given 
destination where the file is described by a resource model 
element in a model describing an application module Such as 
a Web Service. 
An action can include a variety of different properties. For 

example, an action can be Idempotent. That is, the same 
action Successfully executed again on the same model ele 
ment will have the same result. An action can have a unique 
identifier. If two actions are to do the same, the two actions 
can have same identifiers. For example, two actions that 
install a file can have the same identifier when the file has the 
same absolute path. 
An action can be associated with a corresponding reverse 

action. The reverse action can undo the effects of the action. 
For example, the reverse of a CopyFile would be a procedure 
that removes a file or restores an original file that was over 
written. An action can be associated with a corresponding 
update action that applies a newer version of a resource over 
an existing resource. 
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10 
Accordingly, the components and data depicted in FIG.2B 

can interoperate to realize an intent represented in a received 
model and command. 

FIG. 3 illustrates a further expanded view of an example 
computer architecture 300 for translating declarative appli 
cation models. As depicted, computer architecture 300 
includes driver manager 330. Driver manager 330 can be 
configured similarly to (or even the same as) driver manger 
230 depicted in computer architecture 200. Driver manager 
330 hosts drivers and translators and receives inputs. For 
example, driver manager 300 hosts a plurality of drivers, such 
as, for example, wcf-IIS driver 342 and Aspx-IIS driver 352. 

Each driver can include a model interpreter (e.g., model 
interpreters 343 and 353 respectively) configured to parse a 
model and generate an execution plan. Thus, upon receiving 
a model, each driver can identify constituent resources and 
their relationships to one another, call appropriate resource 
interpreters to retrieve sequences of actions, and assemble 
sequences of actions into an execution plan. 

Driver manager 300 also hosts a plurality of translators, 
Such as, for example, operating system technology translator 
361, IIS technology translator 371, and WCF technology 
translator 381. Each translator can include a resource inter 
preter (e.g., resource interpreters 362,372, and 382 respec 
tively) for parsing model elements describing a resource and 
assembling a sequence of actions that can be executed on 
what the resource represents. Each translator can correspond 
to a portion of the environment. For example, operating sys 
tem technology translator 361 corresponds to operating sys 
tem 391, IIS technology translator 371 corresponds to IIS 
392, and WCF technology transfer 381 corresponds to WCF 
393. 

Accordingly, when a translator receives a model element 
describing a resource the resource represents some object 
within the corresponding portion of the environment. For 
example, when operating system technology translator 361 
receives a resource the resource corresponds to an object in 
operating system 391 (e.g., a service.SVc file). Similarly, 
when IIS technology translator 371 receives a resource the 
resource corresponds to an object in IIS392 (e.g., the location 
of a user's Web service—"/myservice'). Likewise, when 
WCF technology translator 381 the resource corresponds to 
an object in WCF 393 (e.g., a Web.config). 

Generally, dispatcher 371 is configured to receive a model 
and command and dispatch the model and command to the 
appropriate driver. Thus, upon receiving a model and com 
mand, dispatcher 371 can forward the model to type locator 
341. Type locator 341 can receive the model and based on the 
model locate the appropriate type of driver for processing the 
model. Type locator 341 can return a driver ID identifying the 
appropriate type of drive back to dispatcher 371. Dispatcher 
371 can then use the driver ID to dispatch the model and 
command to the identified appropriate driver. 

Drivers can also utilize type locator 341 to locate appro 
priate translators for model element describing resources 
included in a model. For each model element describing 
resource in a model, a driver can Submit the model element 
describing resource to type locator 341. Type locator 341 can 
receive the model element describing resource and based on 
the model element describing resource locate the appropriate 
type of translator for translating the model element describing 
resource. Type locator 341 can return a translator ID identi 
fying the appropriate type of translator back to the driver. The 
driver can then use the translator ID to dispatch the model 
element describing resource to the identified appropriate 
translator 
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The appropriate translator parses the received model ele 
ment describing resource to assemble a sequence of actions 
for a received command and returns the sequence of actions 
back to the driver. The driver then assembles the different 
sequences of actions into a single execution plan. The driver 
then executes the execution plan. Actions in the execution 
plan are executed in sequence, operating directly on the envi 
ronment (e.g., on one or more of operating system 391, IIS 
391, and WCF 392), to realize the intent collectively repre 
sented in model 353 and command 329. 

FIG. 4 illustrates a flow chart of an example method 400 for 
translating a model to implement a received command. 
Method 400 will be described with respect to the components 
and data in computer architecture 300. 
Method 400 includes an act of receiving a declarative 

model along with a command, the declarative model and the 
command collectively indicating an intent to implement the 
command for an application based on the received declarative 
model (act 401). For example, dispatcher 371 can receive 
model 353 and command 329. Model 353 can include a 
plurality of interrelated model elements declaring how to 
configure and execute an application. Command 329 can be a 
command to deploy, undeploy, start, stop, etc., the applica 
tion. 

Method 400 includes an act of identifying a driver that is 
configured to process declarative models corresponding to 
the combination of technologies indicated in the received 
declarative model (act 402). For example, dispatcher 371 can 
send model 353 to type locator 341. Type locator 341 can 
receive model 353. Type locator 341 can process model 353 to 
determine the type of driver appropriate for processing model 
353. 

Determining the type of driver can be based on the combi 
nation of technologies (e.g., a combination of operating sys 
tem, network protocols, data types, etc.) indicated in and/or 
related to model elements of model 353. For example, type 
locator 341 can determine that Welf-IIS driver 342 is the 
appropriate driver for processing model 353 based on model 
elements contained in model 353 relating to IIS392 and WCF 
393. In response to the determination, type locator 341 can 
send driver ID 384 (an identifier for driver 342) to dispatcher 
371. 
Method 400 includes an act of forwarding the received 

declarative model and the command to the identified driver 
(act 403). For example, dispatcher 371 can utilize driver ID 
384 to forward model 353 and command 329 to WCf-IIS 
driver 342. 
Method 400 includes an act of the identified driver parsing 

the received declarative model to identify model elements and 
their relationship to one another (act 404). Model interpreter 
343 can parse model 353 to identify model elements within 
model 353 and the model elements relationships to one 
another. For example, model interpreter 343 can identify 
model element 354A, 354B, 354C, etc. 

For each identified model element, method 400 includes an 
act of identifying a translator configured to translate model 
elements for the specified technology corresponding to the 
identified model element (act 405). For example, Welf-IIS 
driver 342 can send identified model elements, such as, for 
example, model element 354A, to type locator 341. Type 
locator 341 can receive model element 354A. Type locator 
can process model element 354A to determine the type of 
translator appropriate for translating model element 354A. 

Determining the type of translator can be based on a speci 
fied technology (e.g., one of an operating system, network 
protocol, data type, etc.) indicated in and/or related to model 
element 354A. For example, type locator 341 can determine 
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12 
that operating system technology translator 361 is the appro 
priate driver for translating model element 354A based on 
model element 354A indicating or being related to operating 
system 391. In response to the determination, type locator 
341 can send translator ID 355 (an identifier for translator 
361) to Welf-IIS driver 342. Similar determinations can be 
made for model elements 354B, 354C, etc. included in model 
353. 

For each identified model element, method 400 includes an 
act of sending the model element to the translator (act 406). 
For example, Welf-IIS driver 342 can utilize translator ID 355 
to forward model element 354A to operating system technol 
ogy translator 361. Resource interpreter 362 can translate 
model element 354A into action sequence 363. Action 
sequence 363 includes a plurality of actions, such as, for 
example, actions 363 A, 363B. etc. that are to be executed in 
operating system 391 to implement a portion of the intent of 
command 329. 

Similarly, WCf-IIS driver 342 can utilize an appropriate 
translator ID to forward model element 354B to IIS technol 
ogy translator 371. Resource interpreter 372 can translate 
model element 354B into action sequence 373. Action 
sequence 373 includes a plurality of actions, such as, for 
example, actions 373A, 373B. etc. that are to be executed in 
IIS 392 to implement another portion of the intent of com 
mand 329. 

Likewise, Welf-IIS driver 342 can utilize an appropriate 
translator ID to forward model element 354C to WCF tech 
nology translator 381. Resource interpreter 382 can translate 
model element 354C into action sequence 383. Action 
sequence 383 includes a plurality of actions, such as, for 
example, actions 383A, 383B. etc. that are to be executed in 
WCF 393 to implement further portion of the intent of com 
mand 329. 

Further model elements can also be sent to any of operating 
system technology translator 361, IIS technology translator 
371, WCF technology translator 381, as well as to other 
appropriate technology translators (not shown), based on a 
model element indicating and/or being related to a specified 
technology. 

For each identified model element, method 400 includes an 
act of receiving a sequence of actions that are to be performed 
within the specified technology to partially implement the 
command for the application, the sequence of actions being a 
subset of the total actions that are to be performed to fully 
implement the command (act 407). For example, model inter 
preter 343 can receive action sequence 363 from operating 
system technology translator 361, action sequence 373 IIS 
technology translator 371, action sequence 383 WCF tech 
nology translator 381, etc. Each action sequence is a Subset of 
the total actions that are to be performed to fully implement 
command 329 for an application based on model 353. 

For each identified model element, method 400 includes an 
act of assembling the received sequence of actions for the 
model element into an execution plan, the received sequence 
of actions assembled into the execution plan in a designated 
order with respect to sequences of actions received for other 
model elements based on the model element's relationship to 
other model elements in the received declarative model (act 
408). For example, model interpreter 343 can assemble action 
sequences 363,373,383, etc. into execution plan 344. Action 
sequences 363,373,383, etc., are assembled in a designated 
order based on the relationship between corresponding model 
elements in model 353. 
Method 400 includes an act of executing the execution plan 

to implement the command for the application, execution of 
the execution plan including executing the sequences of 
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actions received for each model element in the designated 
order (act 409). For example, Welf-IIS driver 342 can execute 
execution plan 344 to implement command 329 for an appli 
cation (based on model 353) that is to use portions of operat 
ing system 391, IIS392, and WCF 393, etc. 

FIG. 5 illustrates an example of a computer architecture 
500 for translating declarative application models to update 
an application. As depicted, computer architecture 500 
includes driver 501, translators 502, and comparison and 
update module 507. Within computerarchitecture 500 and as 
previously described, driver 501 can receive models (e.g., 
current version of model 502C and prior version of model 
502P) and commands (e.g., update command 503), parse out 
model elements (e.g., model elements 504), send the model 
elements to an appropriate translator in translators 502, and 
receive back action sequences (e.g., action sequences 506) 
from the appropriate translators. From the action sequences, 
driver 501 can create execution plans, such as, for example, 
current execution plan 511 and prior execution plan 512 

Comparison and update module 507 is configured to 
receive a current execution plan and a prior execution plan for 
an application and compare the two execution plans to iden 
tify differences in action sequences within the two execution 
plans. From identified differences, comparison and update 
module 507 can apply actions in a current execution plan to 
actions in prior execution pan to derive a new execution plan. 
A new execution plan can include update actions for updating 
an existing application. 

FIG. 6 illustrates examples of update actions 600 for updat 
ing an application. Row 601 indicates that when an action is 
included in both a current version and a prior version of an 
execution plan, an update action is included in the new execu 
tion plan to update the effects of the execution of the prior 
version of the action to the effects of the current version of the 
action. Row 602 indicates that when an action is included 
only in a current version of an execution plan, the current 
version of the action is added to the new execution plan. Row 
603 indicates that when an action is included only in a prior 
version of an execution plan, a reverse action is included in 
the new execution plan to remove the effects of the execution 
of the prior version of the action. 

FIG. 7 illustrates a flow chart of an example method 700 for 
translating models to implement an update command. 
Method 700 will be described with respect to components and 
data in computer architecture 500 and update actions 600. 
Method 700 includes an act of receiving a declarative 

model along with an update command, the declarative model 
and the update command collectively indicating an intent to 
update an application based on a prior version of the received 
declarative model (act 701). For example, driver 501 can 
receive current version of model 502C and update command 
503. Current version of model 502C and update command 
503 collectively represent an intent to update application 522. 
Method 700 includes an act of assembling a current execu 

tion plan for the received declarative model, the current 
execution plan including a sequence of actions assembled in 
a designated order based on the relationships between model 
elements in the received declarative model (act 702). For 
example, driver 501 can parse model elements from current 
version of model 502C and send the model elements (e.g., 
included in model elements 504) to appropriate translators in 
translators 502. The appropriate translators can return action 
sequences (e.g., included in action sequences 506). From the 
action sequences driver 501 can assemble current execution 
plan 511. 

Method 700 includes an act of accessing the prior version 
of the received declarative model (act 703). For example, 
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driver 501 can access prior version of model 502P. Applica 
tion 522 is based on prior version of model 502P 
Method 700 includes an act of assembling a prior execution 

plan for the prior version of the received decorative model, the 
prior execution plan including a prior sequence of actions 
assembled in a designated order based on the relationships 
between model elements in the prior version of the received 
declarative model (act 704). For example, driver 501 can 
parse model elements from prior version of model 502P and 
send the model elements (e.g., included in model elements 
504) to appropriate translators 502. The appropriate transla 
tors can return action sequences (e.g., included in action 
sequences 506). From the action sequences driver 501 can 
assemble prior execution plan 512. 
Method 700 includes an act of comparing the current 

execution plan to the prior execution plan (act 705). For 
example, comparison and update module 507 can compare 
current executing pan 511 to prior execution plan 512. From 
the comparison, comparison and update module 507 can 
determine if actions are included in one or both of current 
executing plan 511 and prior execution plan 512. 
Method 700 includes an act of deriving a new execution 

plan for updating the application based on the results of the 
comparison (act 706). For example, comparison and update 
module 507 can derive new execution plan 513 for updated 
application 522 based on the results of comparing current 
execution plan 511 to prior execution plan 512. 

Derivation of a new execution plan can include inserting 
update, current, or reversal actions into the new execution 
plan. For example, for each action included in both the current 
execution plan and the prior execution plan, an update action 
is included in the new execution plan (act 707). For each 
action included only the current execution plan, the action 
from the current execution plan is included in the new execu 
tion plan (act 708). For each action included only the prior 
execution plan, a reverse action for reversing the action in 
prior execution plan is included the new execution plan (act 
709). The reverse action is to eliminate the impact of the 
action from the prior execution plan within computing envi 
ronment 521. 
Method 700 includes an act of executing the new execution 

plan to update the application within the computing environ 
ment (act 710). For example, driver 501 can execute new 
execution plan 513. Execution of new execution plan 513 can 
cause actions 531 to be emitted into computing environment 
521. Actions 531 can be implemented in computing environ 
ment to update application 522 to application 522U. 

Embodiments of the present invention are also extensible. 
Drivers can register with a Type Locator (e.g., 341) to expose 
functionality to a dispatcher. Similarly, translators can regis 
ter with a Type Locator to expose functionality to drivers. 
Drivers can reuse existing translators. For example, referring 
to FIG. 3, Aspx-IIS driver 352 can use operating system 
technology translator 361 and IIS technology translator 371 
(along with an AspX translator (not shown)) to process model 
elements. 

Embodiments can provide base classes and generic imple 
mentations for Driver, Model interpreter, Model Element 
interpreter and Action. Thus, the infrastructure for creating 
and running execution Plans, locating types and generating 
update plans are all provided through a common framework. 
As a result, a developer can focus on creating a new model, 
and Translators focused on processing model elements into 
Actions. The base classes can optionally be extended to create 
the Model and Model element interpreters to handle cases 
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where relationships are not expressed in the model, thus 
potentially preventing the base implementations from infer 
ring the action sequence. 

Accordingly, embodiments of the present invention facili 
tate processing declarative models to perform various opera 
tions on applications, such as, for example, application 
deployment, application updates, application control Such as 
start and stop, application monitoring by instrumenting the 
applications to emit events, and so on. Declarative models of 
applications are processed and realized onto a target environ 
ment, after which they can be executed, controlled, and moni 
tored. 

The present invention may be embodied in other specific 
forms without departing from its spirit or essential character 
istics. The described embodiments are to be considered in all 
respects only as illustrative and not restrictive. The scope of 
the invention is, therefore, indicated by the appended claims 
rather than by the foregoing description. All changes which 
come within the meaning and range of equivalency of the 
claims are to be embraced within their scope. 
What is claimed: 
1. At a computer system within a computing environment, 

the computing environment including a plurality of different 
technologies, the computer system including one or more 
drivers, each driver configured to process models for a speci 
fied combination of different technologies, the computer sys 
tem including one or more translators, each translator config 
ured to process model elements representing objects within a 
specified technology from among the plurality of different 
technologies, a method for translating a model to implement 
a received command within the computing environment, the 
method comprising: 

an act of receiving a declarative model along with a com 
mand, the declarative model and the command collec 
tively indicating an intent to implement the command 
for an application based on the received declarative 
model; 

an act of identifying a driver that is configured to process 
declarative models corresponding to the combination of 
technologies indicated in the received declarative 
model; 

an act of forwarding the received declarative model and the 
command to the identified driver; 

an act of the identified driver parsing the received declara 
tive model to identify model elements and their relation 
ship to one another; 

for each identified model element: 
an act of identifying a translator configured to translate 
model elements for the specified technology corre 
sponding to the identified model element; 

an act of sending the model element to the identified 
translator; 

an act of receiving a sequence of actions that are to be 
performed within the specified technology to partially 
implement the command for the application, the 
sequence of actions being a Subset of the total actions 
that are to be performed to fully implement the com 
mand; and 

an act of assembling the received sequence of actions for 
the model element into an execution plan, the received 
sequence of actions assembled into the execution plan 
in a designated order with respect to sequences of 
actions received for other model elements based on 
the model element's relationship to other model ele 
ments in the received declarative model; and 

an act of executing the execution plan to implement the 
command for the application, execution of the execution 
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plan including executing the sequences of actions 
received for each model element in the designated order. 

2. The method as recited in claim 1, wherein an act of 
receiving a declarative model along with a command com 
prises an act of receiving a command to deploy an application 
based on the declarative model. 

3. The method as recited in claim 1, wherein an act of 
receiving a declarative model along with a command com 
prises an act of receiving a command to undeploy an appli 
cation based on the declarative model. 

4. The method as recited in claim 1, wherein an act of 
receiving a declarative model along with a command com 
prises an act of receiving a command to start an application 
based on the declarative model. 

5. The method as recited in claim 1, wherein an act of 
receiving a declarative model along with a command com 
prises an act of receiving a command to stop an application 
based on the declarative model. 

6. The method as recited in claim 1, wherein an act of 
receiving a declarative model along with a command com 
prises an act of receiving a command to initiate or terminate 
monitoring of an application based on the declarative model. 

7. The method as recited in claim 1, wherein an act of 
receiving a declarative model along with a command com 
prises an act of receiving a command to update an application 
based on the declarative model. 

8. The method as recite in claim 1 wherein the act of 
receiving a sequence of actions that are to be performed 
within the specified technology comprises an act of receiving 
a sequence of idempotent actions. 

9. A computer program product for use at a computer 
system within a computing environment, the computing envi 
ronment including a plurality of different technologies, the 
computer system including one or more drivers, each driver 
configured to process models for a specified combination of 
different technologies, the computer system including one or 
more translators, each translator configured to process model 
elements representing objects within a specified technology 
from among the plurality of different technologies, the com 
puter program product for implementing a method for trans 
lating a model to implement a received command within the 
computing environment, the computer program product com 
prising one or more physical storage media having stored 
thereon computer-executable instructions that, when 
executed at a processor, cause the computer system to per 
form the method including the following: 

receive a declarative model along with a command, the 
declarative model and the command collectively indi 
cating an intent to implement the command for an appli 
cation based on the received declarative model; 

identify a driver that is configured to process declarative 
models corresponding to the combination of technolo 
gies indicated in the received declarative model; 

forward the received declarative model and the command 
to the identified driver; 

parse the received declarative model to identify model 
elements and their relationship to one another; 

for each identified model element: 
identify a translator configured to translate model ele 

ments for the specified technology corresponding to 
the identified model element; 

send the model element to the translator; 
receive a sequence of actions that are to be performed 

within the specified technology to partially imple 
ment the command for the application, the sequence 
of actions being a Subset of the total actions that are to 
be performed to fully implement the command; and 
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assemble the received sequence of actions for the model 
element into an execution plan, the received sequence 
of actions assembled into the execution plan in a 
designated order with respect to sequences of actions 
received for other model elements based on the model 
element's relationship to other model elements in the 
received declarative model; and 

execute the execution plan to implement the command for 
the application, execution of the execution plan includ 
ing executing the sequences of actions received for each 
model element in the designated order. 

10. The computer program product recited in claim 9. 
wherein computer-executable instructions that, when 
executed, cause the computer system to receive a declarative 
model along with a command comprise computer-executable 
instructions that, when executed, cause the computer system 
to receive a command to deploy an application based on the 
declarative model. 

11. The computer program product recited in claim 9. 
wherein computer-executable instructions that, when 
executed, cause the computer system to receive a declarative 
model along with a command comprise computer-executable 
instructions that, when executed, cause the computer system 
to receive a command to undeploy an application based on the 
declarative model. 

12. The computer program product recited in claim 9. 
wherein computer-executable instructions that, when 
executed, cause the computer system to receive a declarative 
model along with a command comprise computer-executable 
instructions that, when executed, cause the computer system 
to receive a command to start an application based on the 
declarative model. 

13. The computer program product recited in claim 9. 
wherein computer-executable instructions that, when 
executed, cause the computer system to receive a declarative 
model along with a command comprise computer-executable 
instructions that, when executed, cause the computer system 
to receive a command to stop an application based on the 
declarative model. 

14. The computer program product recited in claim 9. 
wherein computer-executable instructions that, when 
executed, cause the computer system to receive a declarative 
model along with a command comprise computer-executable 
instructions that, when executed, cause the computer system 
to receive a command to initiate or terminate monitoring of an 
application based on the declarative model. 

15. The computer program product recited in claim 9. 
wherein computer-executable instructions that, when 
executed, cause the computer system to receive a declarative 
model along with a command comprise computer-executable 
instructions that, when executed, cause the computer system 
to receive a command to update an application based on the 
declarative model. 

16. The computer program product recited in claim 9. 
wherein computer-executable instructions that, when 
executed, cause the computer system to receive a sequence of 
actions that are to be performed within the specified technol 
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ogy comprise computer-executable instructions that, when 
executed, cause the computer system to receive a sequence of 
idempotent actions. 

17. At a computer system within a computing environment, 
the computing environment including a plurality of different 
technologies, the computer system including one or more 
drivers, each driver configured to process models for a speci 
fied combination of different technologies, the computer sys 
tem including one or more translators, each translator config 
ured to process model elements representing objects within a 
specified technology from among the plurality of different 
technologies, a method for updating a model based applica 
tion within the computing environment, the method compris 
1ng: 

an act of receiving an declarative model along with an 
update command, the declarative model and the update 
command collectively indicating an intent to update an 
application based on a prior version of the received 
declarative model; 

an act of assembling a current execution plan for the 
received declarative model, the current execution plan 
including a sequence of actions assembled in a desig 
nated order based on the relationships between model 
elements in the received declarative model; 

an act of accessing the prior version of the received declara 
tive model; 

an act of assembling a prior execution plan for the prior 
version of the received decorative model, the prior 
execution plan including a prior sequence of actions 
assembled in a designated order based on the relation 
ships between model elements in the prior version of the 
received declarative model; 

an act of comparing the current execution plan to the prior 
execution plan; 

an act of deriving a new execution plan for updating the 
application based on the comparison; and 

an act of executing the new execution plan to update the 
application within the computing environment. 

18. The method as received in claim 17, wherein the act of 
deriving a new execution plan for updating the application 
based on the comparison comprises an act of including an 
update action in the new execution plan for at least one action 
included in both the current execution plan and the prior 
execution plan, the update action for updating the action from 
the prior execution plan in accordance with the action from 
the current execution plan. 

19. The method as recited in claim 17, wherein the act of 
deriving a new execution plan for updating the application 
based on the comparison comprises including at least one 
action included only in the current execution plan in the new 
execution plan. 

20. The method as recited in claim 17, wherein the act of 
deriving a new execution plan for updating the application 
based on the comparison comprises including a reverse action 
in the new execution plan for at least one action included only 
in the prior execution plan, the reverse action to eliminate the 
impact of the at least one action within the computing envi 
rOnment. 
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